Objective To determine seroprotection and vaccine response rates produced by a diphtheria-tetanus-acellular pertussis-inactivated poliovirus-Haemophilus influenzae type-b conjugate (DTaP-IPV//PRP~T) vaccine containing a polyribosyl-ribitol-phosphate (PRP)-tetanus toxoid conjugate (Pentaxim™) and given with a hepatitis B vaccine. Methods In this multicentre open-label trial, 424 infants who received DTaP-IPV//PRP~T at 6, 10 and 14 weeks of age were also randomized to receive hepatitis B vaccine at either 6, 10 and 14 weeks or 0, 6 and 14 weeks of age. Antibody levels were determined at 6 and 18 weeks of age, and reactogenicity was monitored using parental reports. Findings Immunogenicity was high for all vaccine antigens and was similar to that in a historical control study. After primary vaccination, 98.7% of all infants had an anti-PRP antibody titre ³ 0.15 μg/ml. Seroprotection against poliovirus type-1, -2 and -3 and tetanus was obtained in all infants, and against diphtheria, in 97.1%. Pertussis seroconversion, defined as a ³ fourfold increase in antibody titre, occurred in 95.3% for anti-pertussis toxoid antibody and in 89.0% for anti-filamentous haemagglutinin antibody. The hepatitis B seroprotection rate was 99.5% with administration at 0, 6 and 14 weeks, and 97.8%, at 6, 10 and 14 weeks. However, the antibody titre was higher with the 0, 6 and 14-week schedule (601 mIU/ml versus 207 mIU/ml). The reactogenicity of both vaccines was low. Conclusion The DTaP-IPV//PRP~T vaccine was highly immunogenic. The anti-hepatitis B antibody response was seroprotective with both schedules, though the antibody titre was higher with the 0, 6 and 14-week schedule. 
Introduction
The original aim of the WHO Expanded Programme on Immunization (EPI) was to protect children against six childhood diseases: tuberculosis, diphtheria, neonatal tetanus, whooping cough, poliomyelitis and measles. Subsequently, others were added, including hepatitis B and Haemophilus influenzae type b. Combination vaccines that include several valences help ensure high vaccination coverage.
Concerns about the safety and reactogenicity of whole-cell pertussis (wP) vaccines led to the development of "acellular" pertussis (aP) vaccines, comprising purified Bordetella pertussis antigens, which are better tolerated than whole-cell vaccines and have similar immunogenicity. [1] [2] [3] The protective efficacy of aP vaccines has been documented in controlled trials. [4] [5] [6] Today, they are used in national immunization programmes in Canada, the United States of America (USA), and various European and Asian countries (e.g. Australia, Japan and the Republic of Korea). 7 A recent WHO position paper on pertussis vaccines 8 stated that: "The best aP vaccines have shown similar protective efficacy as the best wP vaccines" and that: "all licensed vaccines have proved to be highly effective in controlling pertussis in infants and young children".
Sanofi pasteur has developed an aP vaccine that contains pertussis toxoid (PT) and filamentous haemagglutinin (FHA) that is used in paediatric combinations with not only diphtheria (D) and tetanus (T) proteins, but also inactivated poliovirus (IPV) vaccine and Haemophilus influenzae type-b capsular polyribosyl-ribitol-phosphate conjugated to tetanus toxoid (PRP~T). Both the PRP~T antigen and the IPV vaccine are WHO prequalified vaccines. 9 The DTaP-IPV//PRP~T vaccine (known as Pentaxim ™ or Pentavac ™ ) used in this study has been evaluated clinically in various trials. [10] [11] [12] [13] [14] The vaccine was first licensed in European countries in 1997 and is now licensed in approximately 67 countries worldwide.
Few data are available on the immunogenicity, reactogenicity and safety of aP combination vaccines in many countries that follow EPI immunization schedules. As a result, the present study was carried out to evaluate these characteristics when the DTaP-IPV// PRP~T vaccine was given to infants at 6, 10 and 14 weeks of age along with concomitant hepatitis B virus vaccination, administered on either of the two WHO-recommended vaccination schedules followed in the Philippines. The results were compared with those previously obtained in European infants given the same DTaP-IPV//PRP~T vaccine at 2, 3 and 4 months of age.
Methods

Study design
This randomized controlled open study enrolled infants at three medical centres in Manila, the Philippines: the Research Institute for Tropical Medicine (RITM), the University of the East Ramon Magsaysay Memorial Medical Center, and the Mary Chiles Hospital. The ethical review board at each centre approved the protocol. Written informed consent was obtained from infants' parents or legal representatives before enrolment. In addition, mothers of potential study subjects also consented to clinical assessment and blood sampling during the third trimester of pregnancy to test for hepatitis B surface antigen (HBsAg). In those who were seropositive for HBsAg, the hepatitis B e antigen (HBeAg) level was also measured.
Subjects
The study involved healthy full-term infants of ³ 37 weeks gestation who weighed ³ 2.5 kg and whose mother was anti-HBsAg seronegative. All infants received the DTaP-IPV//PRP~T vaccine at 6, 10 and 14 weeks of age. In addition, they were randomized within 24 hours of birth, using a random numbers list, to receive recombinant hepatitis B vaccine at either 0, 6 and 14 weeks (Group A) or 6, 10 and 14 weeks of age (Group B). Infants whose mother was HBsAg-seropositive were not enrolled but were given hepatitis B immunoglobulins and the first dose of the hepatitis B vaccine within 24 hours of birth. Parents or guardians were informed of their child's serological status and private physicians provided follow-up care.
Infants were excluded if they had immune system disease, including HIV infection, major congenital malformations or conditions, serious illness or malignancy, a history of neurological disorders or seizures, a mother with liver disease or an allergy to a vaccine component, or if they had received immunosuppressive therapy (other than inhaled and topical steroids), immunoglobulins or other blood products, previous immunization against DTP, H. influenzae type b or poliomyelitis or a vaccine other than bacille CalmetteGuérin (BCG), which is included in the national Philippine vaccination schedule.
Vaccines
The combined DTaP-IPV//PRP~T vaccine (Pentaxim™, batch W1538) was produced and supplied by sanofi pasteur, Lyon, France. Each 0.5-ml dose contained ³ 30 IU [25 limit of flocculation (Lf ) of diphtheria toxoid], ³ 40 IU (10 Lf ) of tetanus toxoid, 25 μg of PT, 25 μg of FHA, 40 D antigen units (DU) of IPV type-1 (Mahoney strain), 8 DU of IPV type-2 (MEF-1 strain), 32 DU of IPV type-3 (Saukett strain), and 10 μg of PRP~T. The lyophilized PRP~T component was reconstituted with the liquid DTaP-IPV vaccine immediately before injection. The antigen composition of the study vaccine was identical to that of the historical control vaccine. The recombinant hepatitis B vaccine (Recomvax B/Euvax B, batch UVA3002, LG Life Sciences, Seoul, the Republic of Korea) contained 10 μg of recombinant HBsAg. It is licensed and commercially available in the Philippines. The DTaP-IPV//PRP~T and hepatitis B vaccines were administered by intramuscular injection into the right and left anterior thigh, respectively.
Serology
Blood samples were taken for antibody determination when infants were 6 weeks of age, just before the first injection of the combination vaccine, DTaP-IPV//PRP~T at 6, 10 and 14 weeks of age.
Hepatitis B vaccine at 0, 6 and 14 weeks of age.
Birth
Group B (n = 211) DTaP-IPV//PRP~T at 6, 10 and 14 weeks of age.
Hepatitis B vaccine at 6, 10 and 14 weeks of age. The historical control group received the DTaP-IPV//PRP~T combination vaccine at 2, 3 and 4 months of age. d Group A received the DTaP-IPV//PRP~T combination vaccine at 6, 10, 14 weeks of age and the recombinant hepatitis B vaccine at 0, 6 and 14 weeks of age. e Group B received the DTaP-IPV//PRP~T vaccine and the recombinant hepatitis B vaccine at 6, 10 and 14 weeks of age. f The anti-HBsAg antibody level was determined when infants were 6 and 18 weeks of age.
and at approximately 18 weeks of age, one month after the third vaccination. Serological analyses were performed as described previously 12 at a Sanofi pasteur central laboratory in Pennsylvania, USA. The levels of antibodies to HBsAg, PT, FHA and tetanus antitoxin were determined by enzymelinked immunosorbent assay (ELISA). Anti-PRP antibodies were measured using a Farr-type radioimmunoassay.
12
Anti-diphtheria antitoxin and antipoliovirus type-1, -2 and -3 antibodies were measured by seroneutralization. The predefined antibody levels for seroprotection were: anti-PRP ³ 0.15 μg/ ml and ³ 1.0 μg/ml, anti-poliovirus ³ 8 reciprocal dilution (1/dil), antidiphtheria ³ 0.01 IU/ml, anti-tetanus ³ 0.01 IU/ml and anti-HBsAg ³ 0.01 mIU/ml. Since there are no accepted correlates of seroprotection for pertussis antibodies, the vaccine response for anti-pertussis antigens was defined as a ³ fourfold or a ³ twofold increase in antibody concentration after primary vaccination.
Reactogenicity and safety
Infants were monitored for 30 minutes after each injection for immediate local or systemic reactions. Parents or legal guardians recorded solicited local reactions (i.e. injection site redness, swelling and pain or tenderness) and solicited systemic events (i.e. rectal temperature ³ 38 °C, drowsiness, unusual fussiness, unusual crying, loss of appetite, vomiting and diarrhoea) daily for 8 days following vaccination. Pain or tenderness was scored as severe if the infant cried when the limb was moved or if the pain appeared to prevent normal activity. To be severe, crying or irritability had to continue for more than 3 hours. Fever was graded severe if the rectal temperature was ³ 40 °C. The date of onset, intensity and resolution of any unsolicited events were recorded for 30 days after each vaccination.
Statistical analysis
The mean seroprotection or vaccine response rate and the antibody geometric mean titre (GMT) were calculated for each vaccine antigen, along with the 95% confidence interval (CI), for each study group and for combined data from the two study groups. Reverse cumulative distribution curves (RCDC) for antibody titres were also derived to illustrate immune responses.
The primary objective of the study was to show that seroprotection rates for diphtheria, tetanus, different poliovirus types and PRP, and the vaccine response rate for pertussis antigens obtained with the combination vaccine are noninferior to those observed in the French historical control study in which the same DTaP-IPV//PRP~T vaccine was given at 2, 3 and 4 months of age. This control study was chosen because no data were available for use of the study vaccine at 6, 10 and 14 weeks of age.
The vaccine was considered noninferior if the 95% CI of the seroprotection or vaccine response rate lay entirely above the historical reference value minus a predefined clinically acceptable difference of 10%. Given the expected seroprotection and seroconversion rates derived from the historical control study, a predefined clinically relevant difference of 10%, and a power of 90%, it was found that a sample size of 180 subjects per group was required to show noninferiority. In addition, on the assumption that 15% of subjects would be lost to evaluation, the intention was to enrol 212 in each group. The statistical analysis was performed using SAS software (SAS Institute, Cary, NC, USA). All subjects who received at least one dose of the combination vaccine were included in the safety assessment.
Results
Study population
The study included 424 infants: 264 at the RITM, 75 at the University of Fig. 1 . Twenty-seven subjects (6.7%, nine in Group A and 18 in Group B) discontinued the study or were excluded from the full analysis set before receiving a first dose of the combination vaccine. Of those who received a first dose, 10 did not complete the study: four in Group A and six in Group B. All but one of the protocol violations reported (Fig. 1) involved the receipt of DTP and oral polio vaccine. One subject underwent a blood transfusion before the first combination vaccine dose. Two subjects withdrew because of severe adverse events: one had sepsis neonatorum and the other, cardiopulmonary arrest secondary to a ventricular septal defect. Neither was related to vaccination.
Immunogenicity
The observed seroprotection and vaccine response rates 1 month after the third combined DTaP-IPV//PRP~T vaccine dose were high for each vaccine antigen, similar in both study groups, and similar to the corresponding rates observed in the historical control study (Table 1 ). In both study groups, and for each antigen included in the combination vaccine, the 95% CI of the seroprotection or vaccine response rate lay entirely above the rate for the historical control study minus the predefined 10% limit for noninferiority. Pooled data from the two groups showed that 98.7% had an anti-PRP level ³ 0.15 μg/ ml and 67.2% had a level ³ 1.0 μg/ml. The seroprotection rate was 100% for tetanus and poliovirus type-1, -2 and -3, and 97.1% for diphtheria. The vaccine response rates for anti-PT and anti-FHA, defined as at least a fourfold increase in antibody titre, were 95.1% and 88.8%, respectively. The corresponding rates for a twofold increase were 98.8% and 95.5%, respectively. An anti-PT antibody titre ³ 25 equivalent international units (EU)/ml was observed in 99.5% and 99.0% in Groups A and B respectively, and an anti-FHA antibody titre ³ 25 EU/ml was observed in 98.5% and 99.4% respectively. There was no significant difference in the antibody GMT for any vaccine antigen between Groups A and B, which enabled the data to be pooled (Table 2) . Antibody GMTs increased significantly from before to after primary vaccination for each vaccine antigen. The pooled anti-PRP GMT increased from 0.2 to 2.0 μg/ml. The anti-poliovirus type-1 GMT increased from 9.3 to 569 1/dil, the type-2 GMT increased from 16.5 to 769 1/dil, and the type-3 GMT, from 10.3 to 1788 1/ dil. The anti-PT and anti-FHA GMTs increased from 3.14 to 142 EU/ml and from 5.23 to 115 EU/ml, respectively. The reverse cumulative distribution curves (RCDCs) in Fig. 2 and Fig. 3 show anti-PT antibody and anti-FHA antibody titres, respectively, in subjects from Group A, Group B, from both groups pooled together and from the historical control study. Immune responses to PT and FHA were similar in the two study groups. The RCDCs for anti-PT antibody show that responses in Groups A and B were stronger than that in the historical control group. A seroprotective anti-HBsAg titre ³ 10 mIU/ml was observed in at least 97.8% of all infants (Table 1 ), but the GMT was higher in Group A than Group B, at 601 mIU/ml versus 207 mIU/ml, respectively ( Table 2 ). The RCDCs in Fig. 4 show anti-HBsAg responses in Groups A and B in sera obtained at 6 and 18 weeks of age.
Reactogenicity
Injection site pain was the most frequently recorded solicited local reaction. It was observed after 12.0% and 21.2% of combined DTaP-IPV// PRP~T vaccine doses in Groups A and B, respectively, and after 13.7% and 18.9% of hepatitis B vaccine doses in the two groups, respectively. Severe pain was observed in no more than 0.7% (Table 3) . Redness, swelling and induration were reported after no more than 3% of any dose. Fever and irritability were the most common solicited systemic events, with fever observed after 12.2% and 11.0% of doses in Groups A and B, respectively, and irritability after 11.6% to 16.6%, respectively. Severe fever or irritability was seen after 0.2% to 0.5%. Drowsiness or loss of appetite was reported after 5.4% to 6.5%, with no severe cases.
Of the 397 subjects who received one dose or more of the combination vaccine, 213 (53.7%) reported at least one unsolicited adverse event within 30 days. Only two of these events, both of which involved fever after the third dose in infants in Group B, were interpreted by the investigator as related to vaccination. The most frequently reported unsolicited systemic adverse events in Group A were upper respiratory tract infection (42 infants), nasopharyngitis (31), pyrexia (30) and cough (26). In Group B, they were upper respiratory tract infection (40 infants), nasopharyngitis (34), pyrexia (26) and cough (20) . No serious adverse event was regarded as being related to vaccination.
Discussion
This study evaluated the immunogenicity and safety of a DTaP-IPV//PRP~T combination vaccine given to infants as a primary series at 6, 10 and 14 weeks of age. The results were compared with a historical control group given the same vaccine at 2, 3 and 4 months of age in a clinical trial conducted in France, where the vaccine has been in routine use. Infants were randomized at birth, before administration of the combination vaccine, to receive a commercially available recombinant hepatitis B vaccine at either 0, 6 and 14 weeks or 6, 10 and 14 weeks of age.
The study provided essential data on an aP combination vaccine that is given at 6, 10 and 14 weeks in many EPI schedules. To our knowledge, this is also the first clinical report on an aP combination vaccine being given together with a monovalent hepatitis B vaccine on a schedule starting either at birth or 6 weeks of age. The immunogenicity of the combination vaccine was high for all antigens, was similar in the present two study groups, and was similar to that in the historical control group. The seroprotection rates and antibody GMTs associated with the IPV vaccine were of particular interest because of the schedule used. Indeed, seroprotection against all three polioviruses was present in all infants after vaccination. Large increases in anti-polio neutralizing antibody GMTs occurred: from 9.2 to 569 1/dil for type-1 poliovirus, from 16.5 to 769 1/dil for type 2, and from 10.3 to 1788 1/dil for type 3. The response to IPV vaccine antigens reported here provides additional data on the immunogenicity of the IPV vaccine in tropical countries such as the Philippines, and is consistent with the findings of previous clinical studies in temperate countries. [10] [11] [12] [13] [14] [15] [16] [17] After the third combination vaccine dose, the anti-PRP titre was ³ 0.15 μg/ml in 98.7% of infants, and the anti-PRP GMT increased from 0.2 to 2.0 μg/ml. This result, obtained in our study with vaccinations given at 6, 10 and 14 weeks of age, is consistent with those of previous studies that used the same schedule and with those of studies that used the same PRP~T antigen but administered doses at 2, 3 and 4 months of age or 2, 4 and 6 months of age. 11, 12, 14, 15 As there are no recognized serological correlates for protection against pertussis, a fourfold increase in the antibody titre from before to after vaccination was used as the criterion for a vaccine response to pertussis antigens. A fourfold increase in anti-PT and anti-FHA antibody titre was obtained in 95.1% and 88.8% of infants, respectively, and a twofold increase was obtained in 98.8% and 95.5%, respectively. Anti-PT and anti-FHA antibody GMTs were similar in the two study groups before vaccination, at 3.1 EU/ml for PT and 5.2 EU/ml for FHA. After vaccination, over 99% of infants had an anti-PT or anti-FHA antibody titre ³ 25 EU/ml. The distributions observed on the RCDCs showed that the FHA responses induced in infants in Groups A and B were similar and comparable to that seen in the historical control group (Fig. 2) . Both groups in this study also had similar anti-PT antibody distributions but the RCDC was shifted to the right relative to that of the historical control group, indicating a somewhat stronger immune response in the present study. The immunogenicity observed for PT and FHA, as measured by the vaccine response and GMT, is also consistent with that seen in studies in Europe. 11, 12, 14 Previous studies have demonstrated that the aP vaccine used in this study is effective. 4, 6 Additional evidence has also been provided by surveillance in Sweden following several years of routine use in the national vaccination programme.
18,19
The hepatitis B vaccine dose given at birth ensures protection in populations where hepatitis B is endemic and the risk of perinatal transmission is increased. Administering the vaccine at birth is an important public health measure for infants born to mothers who are HBsAg-seropositive or whose hepatitis B status is unknown and when screening errors occur. 20, 21 This study's results confirm that the combination vaccine used is compatible with hepatitis B vaccination schedules recommended by the WHO EPI. After the third hepatitis B vaccine dose, the anti-HBsAg GMT was higher in Group A than Group B. The magnitude of anti-HBsAg response is known to be schedule-dependent. This study also confirms the observation made in previous studies that lengthening the interval between the last two doses increases the final anti-HBsAg titre. [20] [21] [22] However, despite the difference in antiHBsAg antibody titre seen here, there was no difference in the seroprotection rate between the groups.
In this study population, vaccination was associated with a low incidence of solicited local and systemic adverse reactions. Severe pain was recorded after only 0.2-0.7% of doses, and no other severe local reaction was reported. A similar pattern was observed for severe fever and irritability, which occurred after no more than 0.5% of doses.
In summary, this study demonstrated that the DTaP-IPV//PRP~T combination vaccine was highly immu- DTaP-IPV//PRP~T, diphtheria-tetanus-acellular pertussis-inactivated poliovirus-Haemophilus influenzae type-b conjugate. a Group A received the DTaP-IPV//PRP~T combination vaccine at 6, 10, 14 weeks of age and the recombinant hepatitis B vaccine at 0, 6 and 14 weeks of age. b Group B received the DTaP-IPV//PRP~T vaccine and the recombinant hepatitis B vaccine at 6, 10 and 14 weeks of age.
nogenic for all antigens, well tolerated and safe when given to infants at 6, 10 and 14 weeks of age, a schedule used frequently in the WHO EPI. Moreover, it could be given concomitantly with monovalent hepatitis B vaccine at either 0, 6 and 14 weeks of age or 6, 10 and 14 weeks of age. However, the magnitude of the hepatitis B immune response was greater when the first dose was given at birth. The immunogenicity and safety of the DTaP-IPV// PRP~T combination vaccine in healthy children in the Philippines were similar to those observed in a European historical control study that administered the same vaccine at 2, 3 and 4 months of age. ■ 
Resumen
Inmunogenicidad y seguridad de una combinación vacunal DTaP-IPV//PRP~T administrada con la vacuna anti-hepatitis B: ensayo aleatorizado al descubierto
Objetivo Determinar las tasas de seroprotección inducidas por una vacuna conjugada contra difteria-tétanos-tos ferina acelularpoliovirus inactivado-Haemophilus influenzae tipo B (DTaP-IPV// PRP~T) que contiene un conjugado de poliribosil-ribitol-fosfato (PRP) y anatoxina tetánica (Pentaxim™), administrada junto con otra vacuna contra la hepatitis B.
Métodos En este ensayo multicéntrico al descubierto, 424 lactantes que recibieron DTaP-IPV//PRP~T a las 6, 10 y 14 semanas de edad fueron inmunizados también de forma aleatorizada con vacuna contra la hepatitis B, bien a las 6, 10 y 14 semanas, o bien a las 0, 6 y 14 semanas de edad. Se determinaron los niveles de anticuerpos a las 6 y las 18 semanas de edad, y se evaluó la reactogenicidad a partir de lo declarado por los padres. Resultados La inmunogenicidad de todos los antígenos vacunales fue elevada y similar a la observada en un estudio con grupo de referencia histórico. Tras la primovacunación, el 98,7% de los lactantes presentaron unos títulos de anticuerpos anti-PRP ³ 0,15 μg/ml. Se indujo seroprotección contra los poliovirus de tipo 1, 2 y 3 y contra el tétanos en todos los lactantes, y contra la difteria en el 97,1% de los casos. La seroconversión contra la tos ferina, definida como un aumento de al menos el cuádruple de título de anticuerpos, se produjo en un 95,3% de los casos en lo que respecta a los anticuerpos contra el toxoide tosferínico, y en un 89,0% de los casos para el anticuerpo contra la hemaglutinina filamentosa. La tasa de seroprotección contra la hepatitis B fue del 99,5% con la pauta de administración a las 0, 6 y 14 semanas, y del 97,8% a las 6, 10 y 14 semanas. Sin embargo, el título de anticuerpos fue mayor con la pauta de las 0, 6 y 14 semanas (601 mUI/ml frente a 207 mUI/ml). La reactogenicidad de las dos vacunas fue baja. Conclusión La vacuna DTaP-IPV//PRP~T tuvo un efecto inmunogénico muy intenso. La respuesta de anticuerpos contra la hepatitis B fue seroprotectora con las dos pautas empleadas, si bien el título de anticuerpos fue mayor con la pauta de 0, 6 y 14 semanas. 
